A new bathynellacean, Indobathynella prehensilis n. gen., n. sp., is described from farm bores in southeastern India. This is an aberrant species, possessing such a unique combination of plesiomorphic and apomorphic characters that it cannot be assigned outright to any of the three known families of the order Bathynellacea, viz., Bathynellidae, Parabathynellidae, and Leptobathynellidae. And yet, it is provisionally placed in Bathynellidae pending reconstruction of the phylogenetic relationships within Bathynellacea. This decision is based mainly on the following plesiomorphies: 1) antennule is 7-segmented; 2) antenna has exopodal segment; 3) mandibular palp is 3-segmented; and 4) male thoracopod VIII has a basal penile lobe. The new taxon also displays some close apomorphic affinities with Parabathynellidae such as a 3-segmented prehensile maxilla, a lobe-like female thoracopod VIII, and a 1-segmented pleopod I. The other spectacular apomorphies of the new species, some of them suggesting its possible neotenic origin, are unique to Bathynellacea as a whole, and these include: 1) antenna is 4-segmented, with extremely reduced armature; 2) gnathobase consisting of 5 distinct teeth is fused with the first segment of mandibular palp; 3) thoracopods I-VII have 2-segmented exo-and endopod, except for 3-segmented endopod on thoracopod I, and with only a single endopodal seta on thoracopods II-VII; and 4) male thoracopod VIII is greatly reduced and uncinate, with exopod being fused with basis and having only two setae. All in all, the new taxon seems to be a crucial phylogenetic link between Bathynellidae and Parabathynellidae. A note on the ecology and biogeography of the new species is also added.
INTRODUCTION
Vast tracts of the globe still remain terra incognita for bathynellaceans despite the fact that these typical stygobionts are known from all the continents except Antarctica. The order Bathynellacea Chappuis, 1915 , currently comprises over 250 species and subspecies in three families: Bathynellidae Grobben, 1904 , Parabathynellidae Noodt, 1965 , and Leptobathynellidae Noodt, 1965 . In India, Bathynellidae are so far known only by a monotypic genus Serbanibathynella Ranga Reddy and Schminke, 2005 ; Parabathynellidae have eight species of Habrobathynella Schminke, 1973 , one species each of Atopobathynella Schminke, 1973 and Chilibathynella Noodt, 1963 ; and Leptobathynellidae contain two species of Parvulobathynella Schminke, 1973 (Ranga Reddy et al., 2011 . Several more new Indian taxa in our groundwater samples await description.
This paper gives an illustrated description of Indobathynella prehensilis n. gen., n. sp., and discusses its taxonomic position in Bathynellacea. Also, we add a brief note on the ecology and biogeography of the new species.
MATERIAL AND METHODS
We collected the specimens we studied by filtering the ground water when it was pumped out of farm bores (depth c. 10 m). Filtering was done manually by holding a bolting-silk, plankton net (mesh size 70 μm) against the water current for 20-30 minutes at each time of sampling (Fig. 1B) . The filtrate was fixed in 5% formaldehyde.
Specimens were sorted into 70% alcohol and later transferred into glycerol. Dissection was carried out in glycerol under a binocular stereomicroscope at a magnification of 90×. Drawings were made with the aid of a drawing tube mounted on a Leica DM 2500 Trinocular Research Microscope, equipped with UCA condenser, IC objective prism and 1-2× magnification changer. Permanent preparations were mounted in glycerol. The type material was deposited in the Muséum national d'Histoire naturelle, Paris, and also in the National Zoological Collections of the Zoological Survey of India, Kolkata.
SYSTEMATICS
Order Bathynellacea Chappuis, 1915 Bathynellidae Grobben, 1904 Indobathynella n. gen.
Diagnosis.-Animals small, body length being less than 1 mm. Body integument thin. Antennule 7-segmented; no sexual dimorphism; segment 4 with prominent apophysis. Antenna 4-segmented; exopod shorter than first endopodal segment; basis unarmed. Labrum smooth, somewhat trian- gular in outline. Mandible with 3-segmented palp, similar in both sexes, and prehensile; gnathobase fused with basal segment of palp and represented by 5 teeth. Paragnaths wedge-shaped and basally fused. Maxillule with 1 slender claw on proximal endite; distal endite with 8 armature elements including 3 smooth subterminal outer setae. Maxilla 3-segmented and strongly prehensile; first segment unarmed; second segment large, bearing 7 setae; third segment with apical claw and 1 seta. Thoracopods I-VII with 2-segmented exo-and endopod except for 3-segmented endopod on thoracopod I. Male thoracopod VIII much reduced and uncinate, with only 1 penile lobe (outer lobe) on coxa; exopod fused with basis and armed with 2 setae; endopod totally absent. Female thoracopod VIII reduced to a simple lobe. Pleopod I 1-segmented, bearing 2 plumose setae; sexually dimorphic. Uropodal sympod with 3 claw-like spines in a diagonal row, proximal-most spine largest. Uropodal exopod with 3 setae including 1 ventro-medial seta; endopod with 2 claws and 1 seta. Caudal furca with 4 unequal spines and 1 seta. Pleotelson with 2 strong dorsal setae.
Type species.-Indobathynella prehensilis n. sp.
Other species.-None.
Etymology.-The prefix of the generic name, "Indo," alludes to India, where the new genus is found, and the suffix "bathynella" is most common in the order Bathynellacea. Gender feminine. Antennule (Figs. 2B, 3A): 7-segmented, 48.7% longer than head; no sexual dimorphism. First three segments together 1.2 times longer than next four segments. First segment with 4 plumose setae (3 dorso-distal, 1 ventrolateral) and 1 simple seta near inner distal corner, as illustrated. Second segment with 1 ventral plumose seta near subdistal outer margin, 3 plumose setae in a row on dorso-distal margin and 1 simple seta at inner distal corner. Third segment with 2 simple setae on outer margin. Inner flagellum somewhat squarish, with 3 unequal simple setae. Fourth segment with stout apophysis overreaching midlength of sixth segment and with 2 plumose setae apically and 1 plumose seta on small protuberance beside apophysis. Fifth segment smallest, with 1 simple seta at inner distal corner. Sixth segment with 2 distinctly unequal simple setae at outer distal corner, 2 aesthetascs on distal margin, and 1 simple seta at inner distal corner. Seventh segment with 2 unequal subapical aesthetascs and 4 unequal setae.
Indobathynella prehensilis
Antenna (Figs. 2B, 3B): 4-segmented, 44% shorter than, and perpendicular to, antennule. Exopod shorter than first endopodal segment, with 1 apical and 1subapical simple setae; apical seta stout, with bulbous swelling sub-proximally and bifurcating distally into unusually long, smooth sensory flagella. Endopod 2-segmented; first segment 0.6 times as long as second segment; plumose seta on second segment absent. Basis unarmed. Setal formula: 0/0 + exp/1 + 0/4. Labrum (Fig. 4A , C): smooth, somewhat triangular in outline.
Mandible ( Fig. 4A-B ): prehensile. Palp 3-segmented; basal segment rectangular and as long as second segment, which is elongately oval; no joint between proximal two segments; third segment smallest, with 2 similar apical setae, about as long as second segment; proximal third of each seta only slightly swollen, and distal half of outer margin finely spinulose (spinules discernible only in lateral view as in Fig. 4B ). Gnathobase fused with basal segment of palp and represented by 5 teeth; distal pair of teeth (pars incisiva) large and divergent; proximal pair of teeth (pars molaris) relatively small and nearly equal in size; median tooth (processus incisivus accessorius) smallest but without basal seta.
Paragnaths ( Fig. 4A ): wedge-shaped, proximally fused with each other, disto-lateral margins fringed with coarse spinules.
Maxillule ( Fig. 3C ): proximal endite with only 1 smooth slender claw. Distal endite subcylindrical, 2.6 times as long as wide, bearing 2 apical claws of equal length, 3 unequal claws on inner margin, proximal-most claw stoutest, and 3 setae on outer distal margin, close to the apex; all armature elements smooth.
Maxilla (Figs. 2B, 3D): 3-segmented; strongly prehensile. First segment squarish and bare. Second segment subcylindrical, 2.3 times as long as maximum width and armed with 6 setae distally and 1 additional seta occurring on small but distinct protuberance on inner proximal margin. Third segment smallest, squarish, bearing 1 simple seta at inner distal corner and 1 moderately stout, incurved, smooth prehensile claw apically; claw shorter than second segment; third segment and claw bent inwards.
Thoracopods I-VII (Figs. 5A-D, 6A-C): length increasing from Th I-III; Th IV-VII nearly similar in size. Th I without epipod; basis with 1simple seta at inner distal corner; seta as long as first endopodal segment. Th II-VII with somewhat clavate, 1-segmented epipod, overreaching midlength of basis; basis unarmed. Th I-VII with 2-segmented exopod; first segment with 1 short, bipinnate dorsal seta and 1 long, unipinnate ventral seta; 1 dorsal and 1 ventral ctenidia distally on all thoracopods except Th I. Second exopodal segment shorter than first one and with 2 unequal bipinnate terminal setae; 1 dorsal and 1 ventral ctenidia distally on all thoracopods except Th I. Endopod 3-segmented and longer than, but almost as strong as, exopod on Th I, and 2-segmented and distinctly shorter and slenderer than exopod on Th II-VII; first endopodal segment with 1 ctenidium on all thoracopods except Th I; second endopodal segment with 3 ctenidia on Th I-VII. Setal formulae: Th I. 0 + 0/1 + 0/1; Th II-VII. 0 + 0/1. Thoracopod VIII (Fig. 7F ): hook-shaped; coxa small, having only external lobe, which is almost parallel to the main axis of basis. Basis and exopod fused together, bearing 2 unequal setae (1 apical, 1 inner subapical). Endopod completely absent. Pleopod I (Fig. 7B ): 1-segmented, distally expanded, carrying 2 unequal plumose setae, 1 apical and 1 outer subapical.
Uropod (Fig. 8A, C) : sympod 2.1 times as long as wide, bearing 3 serrulate, somewhat diagonally arranged, clawlike spines at inner distal corner (Fig. 8A) ; proximal-most spine largest, distal 2 spines equal in size (Fig. 8C) . Exopod subapical, 4.2 times as long as wide, with 1 apical and 1 subapical plumose setae and 1 smooth ventro-medial seta. Endopod rectangular, 33.6% shorter than sympod, with 1 articulated, strong, serrulate claw-like spine at inner distal angle, 1 plumose seta apically and 1 short serrulate claw-like spine at inner subdistal margin.
Pleotelson (Fig. 8A-B) : with 1 strong, dorsal plumose seta on either side of median axis, not far from base of caudal furca; seta longer than caudal furca.
Anal operculum (Fig. 8B) : concave medially.
Caudal furca (Fig. 8A-B ): 1.2 times as long as wide, distal end dilated and with 4 unequal serrulate spines (1 apical, 3 inner) and 1 long plumose seta at outer distal corner; apical spine longest; transverse row of spinules occurring distoventrally (Fig. 8D, E) . Furcal organ small, ventro-lateral, with row of tiny spinules. Description of Adult Female.-Total body length of allotype 0.62 mm, paratype 0.64 mm. Body and all appendages except Th VIII as in male.
Thoracopod VIII (Fig. 7D-E) : elongate, club-shaped and not fused at base.
Pleopod I (Fig. 7A, C) : distinctly longer than in male; setae bulging subproximally.
Variation.-Body length 0.61-0.64 mm in female, 0.52-0.61 mm in male. Labrum subtriangular, proximal projection more blunt in female (Fig. 4C) .
Etymology.-The proposed epithet prehensilis is the Latin adjective, meaning "grasping or taking hold of" and refers to the maxillary condition of the new species.
DISCUSSION
Indobathynella prehensilis is a highly aberrant bathynellacean species that displays such an intriguing mix of plesiomorphic and apomorphic features that it does not fit well within any of the three known families of Bathynellacea. For the time being, it is included in Bathynellidae, albeit based on its plesiomorphic characters (see below).
Comparative Anatomy
We now discuss in detail how the new species with its remarkable morphology is related to the other bathynellacean taxa, especially of Bathynellidae.
Antennule.-The new species typifies the seven-segmented condition of Bathynellidae, but the presence of a prominent apophysis on segment 4 is worthy of note. The apophysis, which has already been recognised as a useful taxonomic criterion in Parabathynellidae (Ranga Reddy and Totakura, 2010) , is developed to a varying degree in only three other bathynellid genera, viz., Nannobathynella Noodt, 1969 , Agnathobathynella Schminke, 1980 , and Serbanibathynella.
Antenna.-The antennary design of the new species provides an aggregate apomorphy, which, in fact, is unparalleled in Bathynellacea. This appendage is only foursegmented, whereas it is seven-segmented in all the members of Bathynellidae barring certain Gallobathynellinae Serban, Coineau, and Delamare Deboutteville, 1971, e.g., Meridiobathynella rouchi Serban, Coineau, and Delamare Deboutteville, 1971, and Hispanobathynella catalanensis (Serban, Coineau, and Delamare Deboutteville, 1971) , in which a six-segmented condition occurs. The second segment (basis) is bare whereas it is generally armed with one or two setae in the members of Bathynellidae. The third antennary (first endopodal) segment in the new species is formed by the fusion of the ancestral segments 3-6. The sensory (tactile) flagella on the exopod are twice as long as endopod in the new species, perhaps as a corollary of the peculiarly transformed oral parts (see below), whereas they are shorter than endopod in all Bathynellidae. Additionally, the exopod is shorter than the first endopodal segment, but longer in most bathynellids. Schminke (1973) emphasised the orientation of the antenna as a family-level criterion in that it is stretched forward in Bathynellidae vs. backwards in Parabathynellidae. Subsequently, however, two bathynellid species (Agnathobathynella ecclesi Schminke, 1980, and Serbanibathynella primaindica Ranga Reddy and Schminke, 2005) with perpendicular antennae have been found. The new species is thus the third one to display the same character state.
Mandible.-The apomorphy of this vital appendage involves the fusion of gnathobase with the first segment of the palp, but with five teeth still persisting. The new species thus seems to have evolved a distinctive masticatory site and apparatus in conjunction with the other transformed mouthparts (see below). Even the arrangement of the teeth, as already described, is such that one can easily recognise them as belonging to the three component parts of a normal bathynellid gnathobase: pars incisiva, processus incisivus accessorius, and pars molaris. Generally, the gnathobase is distinct in all the primitive taxa of Bathynellidae, but somewhat reduced in size in Nannobathynella, fused with the basal segment of the palp and represented by only three teeth in Serbanibathynella, and completely absent in Agnathobathynella. Furthermore, where the gnathobase is distinct, the basal segment of the palp remains much smaller than the middle segment. Fusion of the gnathobase, however, results in the basal segment becoming almost as long as the middle segment; both these segments have massive musculature, perhaps designed for effective flexion or manoeuvrability of the palp.
Maxillule.-This appendage also presents an interesting blend of primitive and derived traits in the new species. On the one hand the presence of three setae, non-plumose though, on the outer distal margin of the second endite, reflects the basic condition of Bathynellidae and on the other the lone seta on the first endite is reminiscent of such highly derived Leptobathynellidae as Leptobathynella Noodt, 1965 and Califobathynella Cho, 1997 . Nevertheless, all Bathynellidae without exception and most Parabathynellidae possess the plesiomorphic state of four armature elements on the first endite.
Maxilla.-Generally, maxilla is three-or four-segmented and armed with a total of about 20 setae even in the derived members of Bathynellidae, presumably for filtration purpose. Though the actual mode of feeding in bathynellaceans is not known, there is no dispute over filter feeding in some syncarids, e.g., Anaspides and Paranaspides (see Manton, 1930) . Obviously, feeding by filtering particles from water is not possible without a sieve-like contraption resulting from the interlocking of the setae. Against this background, the maxilla of the new species is radically transformed into a three-segmented prehensile limb, with a most reduced armature of only eight setae plus one terminal claw, thus showing another intriguing similarity to Leptobathynellidae. Anyway, as far as this oral appendage is concerned, the new species has nothing in common with any of the known taxa of Bathynellidae including Nannobathynella, Serbanibathynella, and Agnathobathynella.
The prehensile maxilla in conjunction with the peculiarly transformed mandible, the cuneiform spinulose paragnaths, the remarkably sparse and modified setal armature of the maxillule, and the unusually long sensory flagella on the much reduced antenna perhaps hints at a paradigm shift in the food and feeding habits of the new species in comparison to all other bathynellaceans.
Thoracopods I-VII.-The new species stands out in Bathynellacea by the fusion and loss of limb segments and loss of setation elements on Th I-VII. The endopod is two-segmented (ancestral segments 2, 3, and 4 fused) on Th II-VII, carrying but a single apical seta on the distal segment, and three-segmented (ancestral segments 3 and 4 fused) on Th I, with segment 2 having one ventral seta and segment 3 with one apical seta. In Bathynellidae, the endopod generally consists of four segments (see Camacho, 2007, Tables I and II) . As yet the most derived condition of a three-segmented endopod on Th I-VII has been met in just three genera, viz. Nannobathynella, Agnathobathynella, and Serbanibathynella. The two-segmented and unisetal endopod on Th II-VII of the new species is yet to be known in Bathynellacea. As to the segmentation and setation of exopod, the new species has yet another close similarity with Leptobathynellidae. To what extent this and the other similarities, as already mentioned, represent convergences is not known.
Thoracopod VIII.-What with the fusion and loss of limb segments and loss of setation elements, the penile appendage of I. prehensilis represents the most reduced condition in Bathynellidae. Incidentally, the presence of a single lobe on the coxa is somewhat reminiscent of M. rouchi and H. catalanensis.
The female Th VIII, too, is no less reduced. Occurring only as a simple club-shaped structure, it is quite unlike the situation in Bathynellidae but does bear a very close resemblance to most Parabathynellidae as well as Leptobathynellidae. By the way, we have also observed club-shaped female Th VIII in an undescribed parabathynellid species of Habrobathynella. These club-shaped remnants are apt to be mistaken for the epipod homologues. So, we can clarify here that the epipods, given their well-known branchial function in other malacostracans (see Grindley and Hessler, 1971; Burnett and Hessler, 1972) , should always remain unarmed. However, the converse is true in primitive parabathynellids such as Parabathynella stygia Chappuis, 1926, and Parabathynella motasi Dancau and Serban, 1963 , in which the female Th VIII is armed with two and three setae, respectively.
Pleopod I.-All the members of Bathynellidae without exception have two-segmented pleopod I, the first segment having one seta and the second segment at least four setae. On the contrary, the new species has one-segmented pleopod I (proximal segment absent), bearing only two setae. Another novelty of the new species is that pleopod I is sexually dimorphic in that it is longer in female and has somewhat modified setae.
As already pointed out, the tropical-Gondwanan Nannobathynella, Agnathobathynella, and Serbanibathynella appear to resemble the new species in certain details of the gnathobase, apophysis on antennular segment 4, and perpendicular antenna. However, Indobathynella is distinctly different from these genera in various other essential features including the structural details of the male and female Th VIII.
Whether or not the apomorphies outlined above constitute the requisite evolutionary gap for the new species to be a representative of a distinct family-group is a subject left for future investigations. Anyway, the profound reduction of the segmentation and armature of the Th I-VIII, the antenna and pleopod I suggests the neotenic origin of this taxon.
ECOLOGY
Indobathynella prehensilis is found only in the phreatic waters of borewells. A decade-long survey of the stygofauna of the peninsular India shows that Bathynellidae are distinctly rarer and scantier than Parabathynellidae and Leptobathynellidae, mostly preferring phreatic waters. At two of the three localities (Fig. 1A) where the new species was collected, it was alone in the samples, but accompanied by an undescribed species of Serbanibathynella at Peravaram (see Material Examined). The rarity of Bathynellidae in the sandy sediments of rivers may be due to severe competition with other bathynellacean groups.
Biogeography
The peninsular India "per se is biogeographically India vera, the largest region of differentiation of the original floras and faunas of India" (Mani, 1974) . Briggs (1989) opines that there are no peculiar Indian biota with many endemic genera and families to be consistent with the traditional geophysical depiction that India as an isolated continent existed far out in the Tethys Sea for about 100 m.y. The stygofaunal research carried out so far in peninsular India has revealed that the bathynellacean fauna consists mostly of derived genera. Of these, Chilibathynella, Habrobathynella, Atopobathynella, and Parvulobathynella already had been known from the southern continents, and the sole Indian endemic is Serbanibathynella, which is the sister taxon of the southern tropical Nannobathynella. We do not know if I. prehensilis, with its unusual suite of apomorphies, could be one of Briggs' "peculiar biota" in support of the presumed tectonic history of the Indian plate. Incidentally, much like the present new taxon, the recently established, subterranean amphipod family from India, viz., Kotumsaridae Messouli, Holsinger, and Ranga Reddy, 2007 , is characterised by a great array of curious apomorphies including several potentially juvenile character states. Here, we also note that the most derived free-living cyclopoid copepod, Haplocyclops (Kiefercyclops) fiersi Karanovic and Ranga Reddy, 2005 , has been reported from the present area of sampling.
While the Indian bathynellacean taxa are distinctly different from their Asian counterparts, they have unequivocal Gondwanan heritage (Ranga Reddy, 2011) . What is baffling, however, is that the present new taxon does not show the expected morphologic affinities in the penile appendage to its Gondwanan counterparts, especially the derived tropical Bathynellidae such as Nannobathynella, Agnathobathynella, and Serbanibathynella, but is somewhat close to certain taxa of the European Gallobathynellinae. 
